Abstract Begins by creating a vision for dynamic performance measurement systems and goes on to describe the background to the work. Develops a model for integrated and dynamic performance measurement systems. Provides a critical review of existing frameworks, models and techniques against the model. Identifies that current knowledge and techniques are sufficiently mature to create dynamic performance measurement systems. The use of the dynamic performance measurement system is illustrated through a case study. Concludes with a series of lessons highlighting further research and development needs.
The vision
We want to start this paper by creating a vision. You are the managing director of a manufacturing organisation, which designs, manufactures and sells products all over the world. You have a Business Performance Management module as part of your corporate ERP system. Imagine the following scenarios:
(1) You log on to the system and it tells you that you now have invested enough in improving quality and that customer service should be targeted as the next priority area for improvement. It even points to the areas that should be targeted in order to achieve that improvement. (2) Your marketing manager conducts a customer satisfaction survey. The survey results indicate that you are not performing as well as your competitors on delivery reliability. The survey results are loaded onto your system, which identifies that delivery reliability is a critical order winning criteria in that particular market, and it highlights delivery reliability as a priority area for improvement. It also provides you with a performance report for the activities that have an impact on delivery reliability so that you and your team could develop a plan to improve delivery performance. (3) You get a message indicating that next season's products could suffer from more than normal post-release design changes, delaying launch and affecting customer satisfaction because the design reviews were not completed by all functions concerned. This paper will demonstrate that the current levels of understanding, together with the methods, tools and techniques available, are sufficient to develop truly dynamic performance measurement systems.
Introduction
The objective of this paper is to describe the research work conducted on dynamic performance measurement systems. The purpose of the research is to explore the use of IT based management tools as a self-auditing``dynamic performance measurement system'', which would ensure that an organisation's performance measurement system remains integrated, efficient and effective at all times. The original background of the work presented here extends back to the mid and late 1980s where the need for better integrated performance measurement systems were identified (Johnson and Kaplan, 1987; McNair and Masconi, 1987; Kaplan, 1990; Druker, 1990; Russell, 1992) . Since then, there have been numerous publications emphasising the need for more relevant, integrated, balanced, strategic, improvement oriented and dynamic performance measurement systems. This resulted in the development of frameworks, models, methodologies, tools and techniques to facilitate the development of new performance measurement systems.
In recognition of the need for more relevant, better structured and integrated performance measurement systems, a number of frameworks and models for performance measurement have been developed, such as:
. balanced scorecard (Kaplan and Norton, 1996) ;
. SMART ± strategic measurement analysis and reporting technique (Cross and Lynch, 1988-1989) ;
. performance measurement for world class manufacturer (Maskel, 1989) ;
. performance measurement questionnaire (Dixon et al., 1990) ;
. performance criteria system (Globerson, 1996) ;
. Cambridge performance measurement design process (Neely et al., 1995; ; and . integrated performance measurement systems reference model (Bititci and Carrie, 1998; Bititci et al., 1998a) .
The research question addressed in this paper is whether the existing knowledge, expressed in the form of models and frameworks, as above, is sufficiently advanced to create a truly dynamic performance measurement system, which could be of practical use.
The following section provides a more detailed insight into the immediate background of the work. It then goes on to develop a model for a dynamic performance measurement system. A critical review of this model against available models and frameworks is presented to address the research question posed above. The use of dynamic performance measurement systems is presented in the form of a case study. Finally, the lessons emerging from the research are summarised together with the key conclusions. IJOPM 20,6
Background
The work presented in this paper studied and used elements of various models and frameworks but it was particularly influenced by the following developments:
(1) results of the integrated performance measurement systems research;
(2) active monitoring research; (3) research on quantification of the relationships between performance measures; and (4) IT platforms on performance measurement.
Integrated performance measurement systems (IPMS)
The integrated performance measurement systems (IPMS) project researched the structure and relationships within performance measurement systems and developed a reference model and an audit method for IPMS. The structure of this reference model is based on the viable business structure (Bititci and Turner, 1998) which has emerged from the viable systems theory (Beer, 1985) and the CIM-OSA business process architecture (ESPRIT Consortium AMICE, 1991) . Throughout the IPMS project the researchers conducted many audits with collaborating companies. Key findings of the IPMS research programme that relate to the dynamics of performance measurement systems were:
(1) A performance measurement system should be a dynamic system.
(2) Most organisations have only a static performance measurement system.
(3) This, in turn, has a negative effect on the integrity of the performance measurement system as well as on the agility and responsiveness of the organisation.
(4) The main barriers to an organisation's ability to adopt a more dynamic approach to performance measurement systems can be summarised as follows:
.
Lack of a structured framework, which allows organisations to:
± differentiate between improvement and control measures; and ± develop causal relationships between competitive and strategic objectives and processes and activities.
. Absence of a flexible platform to allow organisations to effectively and efficiently manage the dynamics of their performance measurement systems.
. Inability to quantify the relationships between measures within a system.
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Active monitoring This was also an EPSRC funded project under the ROPA scheme. The objective of the project was to establish the applicability of reliability engineering techniques to design active control systems for business processes. This research first studied literature and industrial practice with respect to active monitoring and developed an approach to the design of active monitoring systems. This approach was tested with three different types of business processes (operate, support and manage). The results of the research demonstrated that an active monitoring approach can be used to maintain the reliability of business processes and that it is the basis of the internal control system (Bititci et al., 1998a; Turner and Bititci, 1998) .
Quantitative model for performance measurement systems
The quantitative models for performance measures project was born directly out of the IPMS project. The objective of this project was to investigate tools and techniques that can be used to model and quantify the relationships between performance measures. The project developed and validated an approach for modelling and quantifying the relative relationships between performance measures within a system using the analytical hierarchy process (Suwignjo et al., 1997; Bititci et al., 1998b) .
Emerging IT tools
Recent times have seen some newly emerging IT based management tools specifically targeted to performance measurement. Such tools include:
IPM;
Ithink analyst;
PerformancePlus; and
Pb Views.
A recent publication in Information Week (Coleman, 1998) critically reviewed these software packages and concluded that IPM provided the best all-round functionality. The main benefit of using an IT platform for managing the performance measurement system within an organisation is that maintenance of the information contained within the systems becomes much simpler. This is a particular benefit, which is commonly quoted by all suppliers of such systems.
Dynamic performance measurement systems: a model
The fact that performance measurement systems need to achieve alignment with strategic priorities is well established within the performance measurement literature (Cross and Lynch, 1998-1989; Dixon et al., 1990; Kaplan and Norton, 1993; Neely et al., 1995) . However, it is also commonly recognised that the external and internal environment of an organisation is not static but is constantly changing. The IPMS audits identified that the performance measurement system needs to be dynamic by:
. being sensitive to changes in the external and internal environment of an organisation;
. reviewing and reprioritising internal objectives when the changes in the external and internal environment are significant enough;
. deploying the changes to internal objectives and priorities to critical parts of the organisation, thus ensuring alignment at all times; and . ensuring that gains achieved through improvement programmes are maintained.
Therefore, a dynamic performance measurement system (Figure 1) should have:
. an external monitoring system, which continuously monitors developments and changes in the external environment;
. an internal monitoring system, which continuously monitors developments and changes in the internal environment and raises warning and action signals when certain performance limits and thresholds are reached;
. a review system, which uses the information provided by the internal and external monitors and the objectives and priorities set by higher level systems, to decide internal objectives and priorities; and an internal deployment system to deploy the revised objectives and priorities to critical parts of the system. However, the reality is more complex than the picture depicted in Figure 1 . In practice there may be an infrequent event, which may cause the whole organisation to review its corporate level objectives and priorities, which in turn results in the need for restructuring the whole performance measurement system. It is more likely that changes within the immediate environment of a business unit or a business process may affect the way that business unit or process could best contribute to the organisation's overall objectives. That is, the need for change is not always driven from the very top of the organisation but more frequently it is initiated as a result of an external or internal change within the immediate environment of a business unit or business process. This implies that the structure depicted in Figure 1 applies to the whole business as well as to each business unit or business process within the business. Figure 2 illustrates the resultant model. The reader should be aware that in Figure 2 , although the individual elements look as if they are isolated from one another, they are actually linked, i.e. the objectives and priorities are deployed from higher levels down to lower levels. In order to progress the research further it was deemed necessary to develop a more detailed requirements specification based on this model. A series of workshops were held with collaborating companies, which included an apparel manufacturer, food and drinks manufacturer, engineering products manufacturer, a house builder and two management consultancy organisations. The workshop was used to validate the model presented above, as well as to develop a more detailed requirement specification.
The workshop required capabilities under two headings:
(1) framework; and (2) IT platform.
The requirements for a framework were identified as follows:
an external control system which uses performance measures to continuously monitor the critical parameters in the external environment for changes;
an internal control system which uses performance measures to continuously monitor the critical parameters in the internal environment for changes;
. a review mechanism which uses the performance information provided by the internal and external monitors and the objectives and priorities set by higher level systems to decide internal objectives and priorities; a deployment system which deploys the revised objectives and priorities to business units, processes and activities using performance measures;
. a system which facilitates the management of the causal relationships between various performance measures;
. a system which facilitates quantification of the causal relationships to quantify criticality and priorities;
. a system which ensures that gains made as a result of improvement initiatives are maintained through local performance measures used by the people who work within activities and processes; and . a system which facilitates identification and use of performance limits and thresholds to generate alarm signals to provide early warning of potential performance problems.
The requirements for an IT platform were identified as below:
. the IT platform has to provide an executive information system not just a means of maintaining the performance measurement system;
. the IT platform must be capable of accommodating and incorporating all the elements of the framework as specified above;
. it should be integrated within the existing business systems, i.e. integrated within the existing ERP environment; and . it should be capable of handling simple rules to facilitate performance management, e.g. raising of alarm signals, warning notices, etc.
The methodology adopted to establish this set of requirements included an indepth review of the literature to develop the initial framework. This framework was further developed through workshops with practitioners. The requirements associated with the framework were tested against various existing models and frameworks. The results of this analysis are illustrated in Table I . It is important to note that in studying this table the definitions behind each one of the requirements should be clearly understood. For example``deployment system'' requires deployment to critical business units, business processes and activities. Therefore, a framework which uses a different deployment path or one that does not specify a specific deployment path would fail to fulfil this requirement.
More specifically, Table I illustrates that a combination of the existing frameworks and models together with the IT platform (e.g. IPMS, QMPMS, AM and IPM) could provide all the functionality required to create a dynamic performance measurement system, which would provide functionality illustrated in our vision. The only exception is the review mechanism, which is not addressed by any of the frameworks considered.
Case study
The case study is based on DSL, which is a major apparel manufacturing subsidiary of a Japanese group. Its main operations consist of design, Performance measurement systems 699 manufacture, sale and distribution of men's and women's garments, such as jackets, trousers and skirts. An IPMS audit against reference model v.2.4 was conducted during January 1998, the results of which were reported in a previous publication (Bititci et al., 1998c) . Following the IPMS audit, DSL re-engineered its performance measurement system in line with the requirements of the IPMS reference model. Table II illustrates the resultant performance measures adopted. Because of space restrictions, Table II does not show the performance measures adopted for the support processes and the active monitors corresponding to each process.
The logic behind the structure of Table II is that:
. the business exists to generate value for the shareholders (business measures);
. the business generates value for the shareholder by servicing demand from two distinct market segments, i.e. the business operates two business units to fulfil this demand (business unit measures);
. each business unit operates a number of business processes to service these markets (process measures); and . the success of each business process is dependent on the successful operation of its critical inputs and activities (active monitors).
The management team within the company has arrived at the measures illustrated in Table II as a result of application of the above logic, which is an
Notes: IPMS, integrated performance measurement systems (Bititci et al., 1998a) ; AM, active monitoring (Turner and Bititci, 1998) ; QMPMS, quantitative model for performance measurement systems (Suwignjo et al., 1997) ; BSC, balanced scorecard (Kaplan and Norton, 1996) ; SMART, Cross and Lynch (1998-1989) ; CPMS, Cambridge performance measurement systems design process (Neely et al., 1996) ; PMQ, performance measurement questionnaire (Dixon et al., 1990) ; IDPMS, integrated dynamic performance measurement systems (Ghalayini et al., 1997) ; IPM, integrated performance measurement software (Lucidus Management Technologies, Oxford, UK) (Suwignjo et al., 1997) . In order to illustrate the dynamic use of the performance measurement developed within DSL we have taken an extract of the top-level performance measurement report used by the management team within the Company and used three different scenarios (see Tables III-V). The Tables are used for illustration purposes where``red'',``orange'' and``green'' represent the background colour of the table. These colours represent the three colours of a traffic light system commonly used in performance measurement software. Red represents a performance area requiring attention. Orange represents a performance area very close to achieving a target. Green represents a performance area within target.
From January to April, the company's external quality performance was well below target (red). The company has invested in quality improvement and managed to get the quality to within +1 per cent of the target in May (orange) and within target in June (green). The system is also indicating that customer satisfaction has fallen below target in June (red). The system is informing the management team that the company has invested enough in quality improvement and that customer service should be targeted as the next priority area. The company has invested in improving its delivery performance from 57 to 73 per cent and is well within its target of 70 per cent. However, a customer satisfaction survey is conducted, which indicate that the Company's performance on delivery reliability is below average (red) compared to its competitors ± possibly because the competitors made significant improvements in this area. Delivery reliability is seen as a differentiator, therefore, the company needs to perform well above average in this area. The system advises that the delivery target of 70 per cent be revised.
A quality systems audit is conducted, which identified that last two design review meetings (DRM) were not fully attended by all the functions concerned. As DRM was identified as an active monitor, the finding of the audit is entered 
Conclusions and lessons
The paper started with a vision to demonstrate what was meant by dynamic performance measurement systems. It provided an insight to the background of the research and went on to propose a model to encapsulate the dynamics of performance measurement systems. The model was then expanded in the form of a requirements specification, which was used to test the maturity and suitability of existing knowledge in the field to create dynamic performance measurement systems. At this point, the conclusions reached were:
. This research has adopted a broader than usual definition for performance measurement by including the complete lifecycle of performance measurement within one model, including design, implementation, evolution and review.
. This model extends the notion of performance measurement into a control loop to include corrective action. This, being analogous to SPC, may appear basic at first, but one must also recognise that a performance measurement system, as a system, is much more complex than an SPC system, i.e. a performance measurement system has numerous interrelated performance measures, as opposed to a single unrelated measure within SPC.
. Current knowledge, in the form of models and frameworks, is sufficiently mature to facilitate the development of dynamic performance measurement systems with the exception of the review mechanism, which has received little or no attention in the field.
The researchers have used a combination of these methods, tools and techniques, in a number of cases, to create dynamic performance measurement systems. One such case was presented in this paper with three different scenarios. The lessons distilled from this experience may be summarised as follows:
Although the logic behind the review mechanism has been demonstrated (see case study) in a simplistic scenario, there is a significant gap in knowledge, with respect to the review mechanism, to deal with more complex scenarios.
. Artificial intelligence techniques may provide a way forward to understand and create review mechanisms, which can advise in more complex scenarios.
. Although the concept of active monitoring is well understood and accepted, the setting of thresholds and limits to activate warning and alarm signals is not well understood and researched.
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Neural network technology may provide a means for active agents to learn from previous experiences to establish the appropriate threshold values.
. The use of dynamic performance measurement systems allows changes in priorities to propagate throughout the business, through its critical business units and business processes to its suppliers.
Provided that the suppliers are operating a similar dynamic performance measurement system, they could receive the changed priorities and take proactive action to fulfil the customers' needs.
. It is the hypothesis of this research that dynamic performance measurement systems would allow more responsive management of the performance of the company's network of suppliers and subcontractors.
. Current IT platforms are somewhat limited in nature and do not provide a seamless links with other business systems such as ERP, product data management and design systems.
. In order to provide true dynamism and full integration with other business systems, the performance measurement system should be an integral part of the company's ERP platform.
In summary, the research presented in this paper has demonstrated that, although the notion of closed loop control systems for measuring the performance of a business is well understood, it is not widely used due to the absence of an integrative framework and suitable platforms to facilitate closed loop control. This paper presented a requirements specification for a framework to facilitate this control loop and demonstrated that whilst none of the existing frameworks completely addressed all of these requirements, current knowledge and technology in the field is sufficiently mature to facilitate the development of dynamic performance measurement systems, with the exception of the review mechanism where further research is required.
